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[Designation of D o c u m ent ] Specif ica t :L o n 

(Title of Invention] SOLAR BATTERY MODULE MANUFACTURING 
METHOD AND DAYLIGHT ING TYPE SOLAR BATTERY MODULE 
[Scope of Claim for Patient] 

[Claim 1] A process of prodi.ioi.ng a solar battery module 
including plural solar battery cells sealed by a resin between 
a transparent panel of the light reception surface side and 
a back face panel, which is characterized by arranging plural 
solar battery cells at a prescribed interval and mutually 
connecting them to each other by a conductor; arranging a first 
sealing resin sheet substantially covering the entire surface 
of the transparent panel of the light reception surface side 
between the transparent panel of the light, reception surface 
side and the solar battery cells; arranging a second sealing 
resin sheet substantially covering the entire surface of the 
back face panel between the back face panel and the solar battery- 
cells; arranging sealing resin sheet, pieces havi ng a thickness 
thicker than that of the solar battery cells at a space between 
the solar battery cells so as to be sandwiched by the first 
sealing resin sheet, and the second sealing resin sheet; 
discharging air between the transparent panel of the light- 
reception surface side and the back face panel; and heating 
t he resin for melting and then cooling down it for sealing. 
[Claim 2] The process of producing a solar battery module 
according to claim 1, wherein the thickness of the sealing resin 

4 



t90/900 W\ 



NOiaO — - iiiDnoias Q 000 9 08 980 XVJ LZ'-ZZ WON Vl/Zl 6 0 0 Z 



sheet pieces is thicker than the sum total value of the thickness 
of the solar battery cells and the thickness of the conductor. 
[Claim 3] The process of producinq a solar battery module 
according to claim 1 or 2, wherein the width of the sealing 
resin sheet pieces is narrower than the width of the space. 
[Claim 4] The process of producing a solar battery nodule 
according to any one of claims 1 to 3, wherein a space is arranged 
between the sealing resin sheet pieces and the interna] air 
i s d i s c h a r g ed t h e r e t h rough. 

[Claim 5] The process of producing a solar battery module 
according to any one of claims 1 to 4, wherein the sealing resin 
sheet pieces are made of at least one resin selected from the 
group consisting of an ethylene-vinyl acetate copolymer, 
polyvinyl butyral, and polyurothane . 

[Claim 6] The process of producing a solar battery module 
according to any one of claims 1 to 5, wherein at least one 
of the transparent panel of the light reception surface side 
and the back face panel is made of a tempered glass or a double 
strength glass . 

[Claim 7] A daylighting type solar battery module produced 
by the process of producing a solar battery module according 
to any one of claims 1 to 6, 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 
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The present invention relates to a process of producing 
a solar battery module. In particular, the invention relates 
to a process of producing a solar battery module including solar 
battery cells sealed by a resin between a transparent panel 
of the light reception surface side and a back face panel. In 
addition, it relates to a daylight. ing type solar battery module 
produced by the production process. 

[00021 

[Prior Art] 

In recent years, consciousness of the environmental 
protection has been increasing, and importance of the solar 
photovoltaic power generation is more increasing. A solar 
battery cell is sandwiched by protective materials, sealed by 
a transparent, resin, and then provided for use outdoors as a 
solar battery module. As the transparent, resin for sealing, 
an ethylene-vinyl acetate copolymer ( hereinafter sometimes 
abbreviated as "EVA'' ) or the like is used, and sealing is 
conducted by sandwiching the resin between the protective 
material and the solar battery cell, heat melting and then 
solidifying it. In order to efficiently arrange the solar 
battery cell and wiring it, it is preferable that plural solar 
battery cells are sealed within a single solar battery module. 
[0003] 

Also, recently, the place at which a solar battery is 
set up is diversified, and the solar battery is used not only 
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on the roof of a building but also at a wall portion. In the 
case of use at a wall/ the solar battery is not only installed 
on an outer wall, but also it is employed to construct the wall 
itself by a solar battery module. At this time, if a space 
is provided among plural solar battery cell:? and the front and 
back surfaces of the solar battery are formed of a transparent 
material, it becomes possible to prepare a daylighting type 
solar battery module capable of taking light in the inside of 
the wail . 
[0004 .] 

JP-U-3-93124 (Patent Literature 1) describes a laminate 
composed of two plate-like bodies bonded via two adhesive sheets 
so as to sandwich a solar battery between the two adhesive sheets, 
wherein a sheet piece having a thickness substantially equal 
to the solar battery is sandwiched into a space formed between 
the adhesive sheets in the outside of the solar battery. It 
is described that according to such a construction, it is 
possible to make the thickness of the circumferential edge 
portion of the laminate uniform and to prevent peeling from 
occurring because the moisture hardly invades the foregoing 
space from the outside. It is described to use EVA as the 
adhesive sheet and to use a sheet glass for the plate-like bodies 
o n t h e b o t h s u r f a c e s . 
[0005] 

JP-B-1-52428 (Patent Literature 2) describes a caulking 
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adhesive sheet: for solar battery module containing an 
e t h y 1 e n e b a s e d c o p o .}. y me r a n d an o r g a n i c p e roxi d e , t h e b o I h 
surfaces of which are provided with an. embossed pattern. It 
is described that since the subject adhesive sheet has an 
embossed pattern, it can prevent blocking of the sheet from 
occurring and has excellent deaeration properties in the 
modulation stage, thereby hardly generating air bubbles. In 
the working examples of this patent document, there is described 
a lamination method in which the temperature is raised to 150°C 
in the reduced pressure state in a vacuum lamina tor , the pressure 
reduction is cont inued a t lbO°C for one hour, cooling is performed, 
and the pressure reduction is then stopped, 
[0006] 

jp-a-9-036405 ( Patent Literature 3) describes a laminated 
solar battery module prepared by putting a photovoltaic power 
element between a front: face member and a back face member via 
a se 3ii n g resin to form a laminate, maintaining the laminate 
at a degree of vacuum of 5 Ton or lower for from 5 to 40 minutes, 
subjecting the laminate to thermocompress ion bonding at a degree 
of vacuum of 5 Torr or lower, and after the subject, 
thermocornpression bonding, cooling the laminate. It is 
described that by thermocornpression bonding under such 
conditions, a module which hardly generates peeling of the 
surface member and hardly generates residual air bubbles is 
provided. It is also described that by inserting a non-woven 
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fabric between the solar battery cell and the sealing material 
resin and releasing the air present in the laminate through 
gaps in the non-woven fabric, a problem of Lhe generation of 
residual air bubbles can be improved. 
[0007] 

.JP-B-6-52801 (Patent Literature 4) describes a process 
of producing a solar battery panel including lamination process 
of deaerating a solar battery panel laminate composed of a solar 
battery cell laminated between a cover glass and a back face 
material via a filler by a double vacuum system, heating, then 
applying pressure, wherein EVA is used as the filler, and a 
double vacuum chamber is held at a specific temperature range 
for a spec! fic per iod of t ime . 1 1 is described that by conduct ing 
the lamination under specific temperature conditions, the whole 
of EVA can be cross 1 inked without causing foaming and yellowing . 
According to the conditions described in the working examples 
thereof, when the temperature of the board surface in the healer 
side has reached 1 40°C, vacuum compression bond.i ng i. s conducted, 
a crosslink! ng reaction is performed at :U8°C, cooling is 
performed to 50 W C or lower, and the compression for bonding 

is then released. 

[0008] 

[Patent Literature 1] JP-U-3-93124 ( Scope of Claim for 
Patent, Pages 4-6) 

[Patent Literature 2] JP-B-1-52428 ( Scope of Claim for 
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Patent, Pages 8-10) 

[Patent Literature 3] JP-A-9-036405 (Scope of Claim 
for Patent, Page 3) 

[Patent Literature 4] JP-B- 6- 52 8 01 ( Scope of Claim for 
Patent, Pages 2-3, l.-'ig.G) 
[0009] 

[Problems to be Solved by the Invention] 

In the inventions described in the Patent Literatures 
2-3, an example that plural solar battery cells mutually wi red 
each other are sealed Is described. However, in connecting 
plural cells to each other and sandwiching then between two 
panels actually, followed by performing thermocompression 
bonding and sealing, it was difficult to avoid breakage of the 
solar battery eel Is . In particular , in the ease where the number 
of cells is large and the area of the entire module is large, 
a large load is likely non-uniform! y applied, and the breakage 
of a part of eel Is which receive an excessive load was unavoidable 
Since the plural ceils are mutually connected in series within 
the module, i f one cell i s broken, a series of eel Is to be connected 
do not accomplish the function. In the case where the breakage 
of cell occurs, not only the appearance is impaired, but also 
a performance of power generation is largely lowered, and 
therefore, the product must be discarded as a defective. 
Accordingly, a sealing method which hardly causes the breakage 
of cell as far as possible is being demanded. 
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[0010] 

The present invention has been made for the purpose of 
solving such a problem and is aimed to provide a process of 
producing a solar battery module which, when plural solar battery 
cells are arranged and sealed by a transparent resin, can prevent 
breakage of the solar battery cells. Also, the purpose is to 
provide a daylighting type solar battery module produced by 
the production process. 
[0011] 

[Means for Solving the Problems] 

The problem is solved by providing a process of producing 
a solar battery module .including plural solar battery cells 
sea Xed by a resin between a transparent panel of the light 
reception surface side and a back face panel, which is 
characterised by arranging plural solar battery cells at a 
prescribed interval and mutually connecting them to each other 
by a conductor; arranging a first sealing resin sheet 
substantially covering the entire surface of the transparent 
panel of the 1 ight recept.i on surface side between the transparent 
panel of the light reception surface side and the solar battery 
ceils; arranging a second sealing resin sheet substantially 
covering the entire surface of the back face panel between the 
back face panel and the solar battery cells; arranging sealing 
resin sheet pieces having a thickness thicker than that of the 
solar battery cells at a space between the solar battery cells 
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so as to be sandwiched by the first scaling rosin sheet and 
the second sealing resin sheet; discharging air between the 
transparent panel of the light reception surface side and the 
back face panel; and heating the resin for melting and then 
cooling down it for scaling. 
[00121 

3y arranging sealing resin sheet pieces having a thickness 
thicker than that of the solar battery cells at a space between 
the solar battery cells, when the internal pressure is reduced/ 
a load by the atmospheric pressure from both the front and back 
surfaces is not applied directly to the solar battery cells, 
and the foregoing sheet pieces receive that load. And, when 
the temperature rises, the resin is softened, the thickness 
of the sheet pieces to which a load has been applied is reduced, 
and the cells or the portion of the conductor connected to the 
cells is brought into contact with the upper and lower sealing 
resin sheets. At that time, since the resin sheets are entirely 
softened, the load is not locally applied, and it is possible 
to bring the cells or the conductor connected to the ceils into 
intimate contact with the softened sealing resin sheets such 
that the former is embedded in the latter. In this way, it 
is possible to prevent cell breakage in the first pressure 
reduction step. 
[0013] 

At this time, it is preferable that the thickness of the 
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sealing resin sheet pieces is thicker than the suit, total value 
of the thickness of the solar battery coils and the thickness 
of the conductor. it is preferable that the width of the sealing 
resin sheet pieces is narrower than the width of the space. 
It is also preferable that a space is a rrangeci between the sealing 
resin sheet pieces, and the internal air is discharged there- 
through- Also, it is preferable that the sealing resin sheet 
pieces are made of at least one resin selected from the group 
consisting of an ethylene-vinyl acetate copolymer, polyvinyl 
butyral, and polyu rethane . 
[0014 ] 

It is quite profitable to employ the construction of the 
invention when at least one of the transparent panel of the 
light reception surface side and the back face panel is made 
of a tempered glass or a double strength glass . A ] so, a preferred 
embodiment of the invention is that a daylighting type solar- 
battery module produced by the process of producing a solar- 
battery module. 
[0015] 

[Mode for Carrying Out the Invention] 

The Invention will be described below in detail with 
reference to the drawings. Fig. I is a cross-sectional 
s c h ema t i c v i e w o f a s o 1 a r b a 1 1 e r y mo d u 1 e o f t h e i n v e n t i o n . F 1 g . 
2 is a cross-sectional schematic view of a laminate under reduced 
pressure in the step 1. Fig. 3 is a cross-sectional schematic 
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view of a laminate in the way of temperature rising by heating 
.in the step 2. Fig. 4 is a cross-sectional schematic view of 
a laminate after cooling in the step 5. Fig. 5 is a planar 
schematic view showing that plural solar battery cells are 
arranged on a second sealing resin sheet. Fig. 6 is a planar 
schematic view showing that lower sealing resin sheet pieces 
are arranged in a sheet piece arranging pattern A. Fig. 7 is 
a planar schematic view showing that upper sealing resin sheet 
pieces are arranged in a sheet piece arranging pattern A. Fig. 
8 is a planar schematic view showing that lower sealing resin 
sheet pieces are arranged in a sheet piece arranging pattern 
B. Fig. 9 is a planar schematic view showing that upper sealing 
resin sheet pieces are arranged in a sheet piece arranging 
pattern B. Fig. 10 is an outline view of a sealing treatment 
vessel. Fig. 11 is a diagram showing the tempera Cure and the 
pressure at the time of sealing treatment. 
[0016] 

A solar battery module 1 obtained by the production process 
of the invention is one in which a solar battery cell 4 is sealed 
by a resin 5 between a transparent panel 2 of the light reception 
surface side and a back face panel 3. Its cross-sectional 
schematic view is illustrated in Fig. 1. Usually, a light 
reception surface 6 and a back face 7 of the adjacent solar 
battery ceils <! are connected to each other via a conductor 
8, 
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[0017 ] 

As the solar battery ceil 4 to be used in the invention, 
cells of various solar bat t cries such as monocrystal Line silicon 
solar batteries, polycrystal line silicon solar batteries, 
amorphous silicon solar batteries, and compound semiconductor 
solar batteries can be used. These solar battery colls are 
a thin plate generally having a thickness of 1 mm or less, and 
more generally 0 . 5 mm or less and in many cases, arc a quadrangle 
having sides of 5 cm or more. With respect to the material 
of their substrates, semiconductor substrates of silicon, 
germanium, etc, glass substrates, metal substrates, and so 
on can be used. In the case of a silicon substrate, although 
thinning is desired in view of a demand from the cost standpoint, 
it is rigid and brittle so that it is likely broken especially 
at the time of sealing. Accordingly, it is quite meaningful 
to employ the production process of the first invention. 
[0018] 

When the number of the solar battery cell 4 to be sealed 
in the single solar battery module 1 is increased, a rate of 
defective caused clue to the breakage of the solar battery ceil 
4 rises, and therefore, it is quite profitable to employ the 
production process of the invention. Accordingly, it is 
preferable that 10 or more, and suitably 30 or more solar battery 
cells 4 are arranged in the single solar battery module 1. The 
distance between the adjacent solar battery cells 4 is usually 
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5 mm or more- In the case where the distance is loss than this, 
it becomes difficult to arrange a sealing resin sheet piece 
11 in a space 9 between the solar battery cells 4 so that: the 
sealing resin sheet piece 11 may possibly damage the solar 
battery cells 4 or the conductor 8 during sealing . The distance 
is suitably 10 mm or more and more suitably 30 mm or more. By 
increasing the distance, the daylight i ng amount is also 
increased during the use as a dsylighting type solar battery 
mod vrl e - 
[0019] 

The plural solar battery ceils 4 are arranged via a space 
9 having a prescribed width and mutually connected to each other 
by the conductor 8. The adjacent solar battery cells 4 are 
connected to each other by the conductor 8 between the light 
reception surface 6 and the back face 7 , and a number of solar 
battery cells 4 are connected in the series system. The 
connection of the light reception surface 6 or back face 7 to 
the conductor 8 is performed using a conductive binding material 
such as solder . Also, for the purpose of efficiently collecting 
a generated current, it is preferable that a current collection 
pattern is formed on the light reception surface 6 using a 
conductive paste, etc. and conducted with the conductor 8. 
[0020] 

Though the conductor 8 is also called an inter connector , 
its material is not particularly limited, and copper wires and 
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the like are used. Since the conductor 3 is arranged while 
being sandwiched between the transparent panel 2 of the light 
reception surface side and the back lace panel 3, it is preferred 
to use a thin ribbon-like conductor 8, and its thickness is 
usually 0.5 nun or less, and suitably 0.3 mm or less. Also, 
it is generally 0.05 mm or more. It is preferable that the 
binding material such as solder is previously coated on the 
conductor 8 because the connecting work becomes easy. In the 
state that the conductor 8 is connected, though the height from 
the surface of the solar battery cell 4 to the highest portion 
of the conductor 8 is scattered depending upon the place, it 
may possibly become approximately 0.5 mm thicker than the 
thickness of the conductor 8. 
[0021] 

With respect to the material of the transparent panel 
2 of the light reception surface side, it is only required that 
it. is transparent against sunlight, and besides glass, 
polycarbonate rosins r acrylic resins, and the like can be used, 
too. However, when the durability, hardness, f lame r et a rdancy , 
etc. are taken into consideration, it is preferred to use glass. 
Since a structural member having a large area is often 
constructed, the glass is more preferably a tempered glass or 
a double strength glass. In the case where the area is large, 
since thermal cracks caused due to an increase of the temperature 
by sunshine, etc are liable to be generated, it is also suitable 
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from this standpoint to use a tempered glass or a double strength 
glass . S i, n c e t h e L e mps r e d g ], a s s o r d o u b 1 e s t r e n g I; h g 1 a s s i s 
produced by heating and quenching a float plate glass, the 
generation of a certain strain is inevitable. Because of a 
warp of glass as thus formed, an excessive load is likely applied 
to a part of the solar battery cells at the time of sealing, 
and therefore, it is particularly quite profitable to employ 
the production process of the invention which can prevent ceil 
c racks f r om o c c u r r 1 n q . 
[0022] 

The tempered glass as referred to herein is one in which 
a surface compression stress thereof is enhanced by thermal 
treatment and includes not only genera 1 tempered glasses usual iy 
having a surface compression stress of from 90 to 130 MPa but 
also super tempered glasses usually having a surface compression 
stress of from 180 to 250 MPa . Also, the double strength glass 
is one usually having a surface compression stress of from 20 
to 60 MPa. The double strength, glass is preferable from the 
standpoint of the matter that it is free from a phenomenon that 
when broken, it becomes small pieces and drops. That is, in 
the case where a sheet glass having a surface compression stress 
of 20 MPa or more is used, it is quite profitable to employ 
the production processes of the invention. Here, the surface 
compression stress of the sheet glass is a value measured 
according to JIS R3222- 
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[0023 j 

Although the back facepanei 3 may be not always r.ransparenL , 
so far as it. is used for a daylj ghting type solar battery module, 
it is better that the back face panel 3 is transparent against 
sunlight. Also, for the same reasons as in the transparent 
panel 2 of the light reception side, it is preferred to use 
a glass, especially a tempered glass or a double strength glass. 
[0024 ] 

The material of the glass is not particularly limited, 
and a soda lime glass is suitably used. Above all, a high 
t ransmittance glass (so-called white sheet glass) is suitably 
used for the transparent panel 2 of the light reception surface 
side. The super vision glass is a soda lime class having a 
1 ow content of i ron and having a high light t ransmi ttance . A! so, 
as the glass of the back face side 3, a soda lime glass having 
a relatively high content of iron (so-called blue sheet class) 
is useful, and besides, a heat reflecting glass and a heat 
absorbing glass are also preferable depending upon applications . 
Also, a figured glass having an embossed pattern formed on the 
surface thereof and the like can be used, and these glasses 
may be tempered. The thickness of the glass panel is not 
particularly limited but when used as a structural member, is 
preferably 3 mm or more, and more preferably 5 mm or more. In 
using such a thick glass panel, an influence of its own weight 
is large so that in superimposing a glass panel on the ceil 
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before laminating, the cell maybe possibly broken. Therefore, 
it is quite profitable to employ the production process of the 
invention. The thickness of the glass panel is usually 20 mm 
or less „ Also, though the area of the glass is ad j usted depending 
upon applications, in the case where it is 1 m" or more, it 
is quite profitable to employ the production processes of the 
invent ion. 
[0025] 

With respect to the material of the resin 5, the resin 
is not particularly limited so far as it is transparent and 
has adhesiveness or flexibility. One kind of resin selected 
from the group consisting of an ethylene- vinyl acetate copolymer 

(EVA), polyvinyl butyrai, and polyu rethane is suitably used. 
At this time, it is preferable from the standpoints of strength 
and durability that the resin is a cross linked resin. For 
example, when the resin is EVA, by blend: ng it with a crosslinking 
agent and heating the blend, it is possible to perform 
crosslinking; and when the resin is polyurethane , by making 
an isocyanate group react with a hydroxy! group, it is possible 
to perform crosslinking. 

[0026] 

In the case of poiyurethane , since the crosslinking 
reaction proceeds at a relatively low temperature, the poiy- 
urethane is suitable in the case of using a resin plate having 
low heat resistance for at least one of the transparent panel 
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of the light reception surface side and the back face panel. 
Also, since the polyurethane has excellent flexibility, too, 
even in the case of combining a glass with a material having 
a largely different coefficient of thermal expansion such as 
plastics and using for the transparent panel of the light 
reception surface side and the back face panel, it hardly 
generates peeling and therefore, is suitable. Further, the 
p o 1 y u r e t h a n c has excel le n t p e n e t r a t i o n s t r e n g t h , too. 
[ 0027 ] 

Among these resins, a cross linked EVA is particularly 
preferable from the viewpoint of transparency, durability or 
the like. The sealing resin sheet is sandwiched between the 
transparent panel 2 of the light reception surface side and 
the back face panel 3, is heat melted, and then cooled for 
solidification, thereby sealing the solar bat eery ceils A . The 
sealing resin, sheet is preferably an EVA resin containing a 
crosslinking agent . In this case, by heat melting it to proceed 
with the crosslinking reaction and then cooling, it is possible 
to perform sealing with crossiinked EVA. As E'lVA in the sea] i ng 
resin sheet, one having a melting point as measured by the DSC 
method of from 50 to S0°C is preferable from the viewpoint of 
a balance between transparency and shape retention. 
( 0 02 8 ! 

The sealing resin sheet properly embossed on one or both 
surfaces thereof is preferable because blocking can be prevented, 
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and remaining of air bubbles is readily inhibited. A suitable 
depth of embossing is from 10 to 100 j.im, and when the embossing 
is excessively deep, air bubbles may possibly rather remain. 
The sheet thickness is preferably from 0.2 to 2 nun and can be 
adjusted by using a single sheet, or by superimposing plural 
sheet s - 
[0029] 

The sealing operation method according to the production 
process of the invention will be described below. First of 
all, a second sealing resin sheet 10 is superimposed on the 
back lace panel 3 so as to substantially cover the entire surface 
thereof. The thickness of the second resin sheet 10 is 
preferably 0.4 mm or more, and more preferably 0.8 mm or more. 
Also, it is usually 3 mm or less. By setting the thickness 
at a certain value or more, it is possible to efficiently absorb 
an impact, thereby effectively protecting the solar battery 
cells 4. Also, when a warp is present in the substrate as i.n 
the case of using a tempered glass or a double strength glass 
lor the back face panel 3 or the transparent panel 7 of the 
light reception surface side, it is preferable that the thickness 
is set at a certain value or more because the warp can be absorbed. 
The second sealing resin sheet 10 may be a laminate of plural 
raw material sheets. 
[0030] 

Or, t he second sealing resin sheet 10, plural solar battery 
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cells 4 mutually connected to each other in the manner as 
described previously are placed and put in order lengthwise 
and breadthwise as the need arises . In th is case , the previously 
connected solar battery cells 4 may be placed; the soiar battery 
cells 4 may be connected on the second sealing resin sheet. 10; 
or the solar battery cells 4 a part of which is connected may 
be placed, with the remainder being then connected. 
[00 31 ] 

Subsequently, a sealing resin sheet piece 11 thicker than 
the thickness of the soiar battery cells 4 is arranged in a 
space 9 between the solar battery cells 4. By arranging the 
sealing resin sheet piece 11 thicker than the thickness of the 
soiar batter cells 4, when the internal pressure is reduced 
t q be subjected to the atmospheric pressure, a load from the 
front and back surfaces is not applied directly to the soiar 
battery cells 4, and the sealing sheet piece U receives that 
load. It can minimize cell cracks. When the conductor 8 is 
present in the space 9, this sealing resin sheet piece 11 is 
usually placed in the state that it is placed on the connector 
8. By arranging the conductor 8 and the sealing resin sheet 
piece 11 such that they are superimposed, due to an action to 
hold the conductor 8, it becomes hard for the solar battery 
cells 4 to move during melting the resin, and therefore, such 
is more preferable. Although it is not necessary to arrange 
the sealing resin sheet piece 11 in all of the spaces 9 between 

2 3 



W0190 inonoias 50DD908980 XVi Dt^ZS MOW frl/Zl 6 0 0 2 



Che adjacent, solar battery ceils 4, ii is preferred to arrange 
them in all of the spaces 9 because the transfer of the molten 
resin less occurs, and it becomes harder for air bubbles to 
generate. Further, it is also preferred to arrange the sealing 
resin sheet piece 11 in the surrounding margin of the solar 
battery module 1 because the edge can be surely sealed. 
[0032] 

The thickness of the sealing resin sheet piece 11 is 
preferably at least 0.3 mm thicker than the thickness of the 
solar battery cell 4, and more preferably at least 0. 6 nun thicker 
than that. Also, at this time, it is preferable that the 
thickness of the sealing resin sheet piece .1 i is thicker than 
the sum total value of the thickness of the solar battery ceils 
4 and the thickness of the conductor 8. 3y employing such a 
thickness, it is possible to prevent a phenomenon that an 
excessive load is applied to a portion to which the load is 
most likely applied. In this case, it is more preferable that 
the thickness is at least 0 . 2 mm thicker than the foregoing 
sum total value. In the case where the sealing resin sheet 
piece 11 is a construction in which plural sealing resin sheets 
are laminated, it is only required "hat the thickness of the 
thickest portion (a portion where the number of sheets to be 
.laminated is large) meets the foregoing conditions. 
[0033] 

It is preferable that the width of the sealing resin sheet 
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piece 1 1 to be arranged is narrower than the width of the foregoing 
space 9. This is because the sealing resin sheet pieces II 
thicker than the solar battery cells 4 become easy to spread 
over the whole of the space 9 in a uniform thickness. In the 
case where the molten resin transfers over a wide range, the 
solar battery ceils 4 may possibly move with the transfer oi 
the molten resin. The width is adjusted while taking into 
consideration the thickness of the solar battery cells 4 or 
the sealing resin sheet pieces 11, the area of the 3pi?,oe 9, 
and the like and is suitably from 0.1 to 0.95 times the width 
of the space 9. More suitably, the width is 0,3 times or more 
and 0.9 times or less. When the width exceeds 0.9b times, not 
only the arranging operation becomes difficult., but. also the 
solar battery cell 4 or the conductor 8 may possibly be broken 
at the time of reducing the pressure. Conversely, when it is 
0. 1 times or less, the molten resin may poss ibi y become difficult 
to spread uniformly. 
[0034] 

Also, it is preferable that a space is arranged between 
the sealing resin sheet pieces 11, thereby discharging the 
internal air therethrough. By securing a passage for 
positively discharging the internal air, it is possible to 
inhibit remaining of air bubbles and to produce a solar battery 
module having a good appearance . At this time, in the case 
where the sealing resin sheet piece 11 is constructed of a 
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laminate of plural scaling resin sheets, it is only required 
that in at least one sheet thereof, a space is arranged between 
the sealing resin sheet pieces , thereby discharging the internal 
air therethrough. In the case where the sealing resin sheet 
pieces 11 are arranged intersected, it is possible to discharge 
the internal air through a portion having a thin total thickness 
other than the intersecting portions. 
[0035] 

In this way, after placing the sealing resin sheet pieces 
11, the first sealing resin sheet 12 is placed thereon. The 
thickness of the first resin sheet 12 is preferably 0.4 mm or 
mo re, a n d mo r e prefers b 1 y 0 , 3 mm o r mo r e . A 1 s o, t h o u q h t h e 
thickness is usually 3 mm or less, the light transmit tance is 
lowered even slightly in proportion to an increase of the 
thickness- Therefore, the thickness is more preferably 2 mm 
or less. An effect for protecting the solar battery cells 4 
and an effect for absorbing a warp of the substrate are the 
same as in the case of the second sealing resin sheet 10. 
[0036J 

Finally, the transparent panel 2 of the light, reception 
surface side is placed, thereby completing a laminate 13 before 
sealing. Usually, the transparent panel 2 of the light 
reception, surface side and the back face panel 3 have the same 
planar shape, and the first sealing resin sheet 12 and the second 
sealing resin sheet 10 have substantially the same planar shape 
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as the preceding shape. According to the demands on the post 
processing and the like, in the case where the shape of the 
transparent panel 2 of the light reception surface side is 
different, from that of the back face panel 3, the first sealing 
resin sheet .1 2 and the second sealing resin sheet 10 are arranged 
on the entire surface of the overlapping portion therebetween. 
In the foregoing description, after placing the back face panel 
3 in advance in the lower position, the superimposing operation 
is carried out. However, after placing the transparent panel 
2 of the light reception surface side in advance in the lower 
position, the first sealing resin sheet 12, the solar battery 
cells 4, the sealing resin sheet pieces 11, the second sealing 
resin sheet 10, and the back face panel 3 may be superimposed 
in this order. 
[00371 

Thereafter, the air between the transparent panel 2 of 
trie light reception surface side and the back face panel 3 is 
discharged, and heating is performed to melt the resin, followed 
by cooling for sealing. A device to be used for sealing is 
not particularly limited so far as it can perform a discharging 
operation of air and a heating operation. It is preferable 
that a device having a sealing treatment vessel for containing 
a laminate therein is used and a part or the whole of the sealing 
treatment vessel is made of a gas non-permeable sol t film. There 
c ^ n fr e employed a so-called single vacuum system in which the 
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outside of a .seal ing treatment, vessel made of a gas non-pe rmeabic 
soft film is kept at the atmospheric pressure and a so-called 
double vacuum system in which the degree of vacuum of the both 
of two chambers separated by a diaphragm made of a gas 
non-permeable soft film can be adjusted. According to the 
production process of the invention, it is possible Lo prevent 
cell cracks even in a single vacuum system in which a load Is 
applied in the vertical direction of a laminate before me 1 I ing 
of the sealing resin. The single vacuum system is also 
preferable in view of simple facilities. A raw material of 
the foregoing film is not particularly limited so far as it 
is a gas non-permeable soft film and has softness and strength 
to a certain extent or more, to which when the inside of the 
film becomes in vacuo, an external air pressure is uniformly 
applied over the whole of the laminate. Sheets or films of 
a rubber or a resin can be used. 
[00 39 ] 

The sealing treatment vessel of a single vacuum system 
may be one integrated with a heater, or one in which only a 
part, thereof is made of a gas non-permeable soft film. However , 
it is preferred to use a bag 14 the whole of which is made of 
a gas non-permeable soft film. In this case, since the sealing 
treatment vessel is a mere bag, it can flexibly correspond in 
producing solar bat tery modules having various shapes and si zes . 
In particular, it is suitable for applications required for 
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p r o d u c i n g product s having v a r ious s i z e s s u c h a s b u i I d i i'\ Q 
materials. In introducing the laminate 13 into the bag 14, 
it is preferred to cover the entire periphery of the edge of 
the laminate i 3 by a bl eeder 20 made of an air-permeable material, 
thereby not only preventing the molten rcisin in the laminate 

13 from flowing out but also securing a discharge route of air 
from the inside of the laminate 13. As the material to be used 
for the bleeder 20, cloths such as woven fabrics, knitting 
fabrics, and non-woven fabrics can be used. 

i, 00 39] 

In this way, in the case of using the bag 14 the whole 
of which is made of a gas non-permeable soft film, plural bags 

14 into which the laminate 13 has been introduced can be arranged 
.in a heating device. A pipe 15 through which air can be 
discharged is connected to each of the bags 14 and connected 
tea vacuum pump 17 via a pressure regulating valve 16 . According 
to such a met hod, it is possible to perform a laminating operation 
for plural bags together by using a simple device. 

[0040] 

After conducting the foregoing arrangement, the air 
between, the transparent panel 2 of the light reception surface 
side and the back face panel 3 is discharged, and heating is 
performed to melt the resin, followed by cooling for sealing. 
At this time, the temperature conditions are not particularly 
limited, and it is only required that the temperature is raised 
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to a temperature at which the resin can be melted. In the case 
of a crystalline resin, it is only required that the resin is 
heated to the melting point thereof or higher. Also, in the 
case where the sealing resin is a cross! linkable thermoplastic 
resin, the temperature is raised to a temperature at which, the 
crosslinking can be performed and kept at that temperature for 
a prescribed period of time. The pressure is not particularly 
limited so far as the air in the laminate 13 can be discharged, 
and the pressure can be reduced to an extent that the remaining 
of air bubbles can be lowered. 
;.00411 

Above all, when the sealing resin is a crosslinkable 
thermoplastic resin, the sealing operation can be suiuabiy 
carried out under the following conditions. That is, it is 
preferred to carry out the sealing operation including 
respective steps of a step of reducing the pressure in the sealing 
treatment vessel at a temperature at which the thermoplastic 
resin is not melted (step 1); a step in which the temperature 
i s ra i sec j to the vicinity of or higher than the melting point 
of the thermoplastic resin in the reduced-pressure slate (step 
2) ; a step in which the pressure in the sealing treatment vessel 
is raised (step 3) ; a step in which the temperature is raised 
to a temperature range where a cross! inking reaction proceeds, 
thereby proceeding with the crosslink.ing reaction (step 4 ) ; 
and a step in which cooling is performed (step 5). 
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[0042] 

The foregoing step 1 is a step of reducing the pressure 
in the sealing treatment vessel at a temperature at which the 
thermoplastic resin is not melted. By reducing the pressure, 
the remaining of air bubbles is prevented- At this time, when 
the laminating device is of a single vacuum system, a load due 
to the atmospheric pressure is applied in the vertical direction 
of the laminate 13 at the t. ime of reducing the pressure . However , 
according to the production process of the invention in which 
the sealing resin sheet piece 11 thicker than the thickness 
of the solar battery cell 4 is used, the breakage of the solar 
batter cell 4 can be prevented from occurring. That is, at 
a temperature at which the thermoplastic resin is melted, the 
sealing resin sheet piece 11 can keep its shape, therefore, 
a load is not applied to the solar battery ceil 4. As a result 
of reducing the pressure in the step 1, the pressure in the 
sealing treatment vessel is suitably reduced from the 
atmospheric pressure (0.1 MPa) to 0.01 MPa or lower, and more 
suitably 0.005 MPa or lower. By thoroughly reducing the 
pressure, it is possible to effectively prevent remaining of 
air bubbles from occurring. 
[0043] 

The temperature at which the thermoplastic resin is not 
melted, as referred to herein, refers to a temperature of Die 
melting point or lower, suitably a temperature of at least 10°C 
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lower than the melting point, and more suitably a temperature 
of at least 2 0°C lower than the melting point . In the case where 
the thermoplastic resin does not have a melting point, one may 
think about it by replacing the melting point as referred to 
herein by a softening point. In the pressure reduction 
operation, the same temperature may be kept, or the temperature 
may be raised simultaneously. Though the elastic modulus at 
the resin is gradually .lowered by the temperature rising, even 
when t h e I e rn p e r a t u r e d o e s n o t r e a c: h the ro e 1 1 i n g p o i n t , i. t i s 
possible to thoroughly keep the shape at a temperature lower 
than the melt ing point to a certain extent or more . Accordingly, 
the temperature in the step 1 is suitably room temperature or 
higher and 50°C or lower. In the step 1, a cross-sectional 
schematic view of the laminate 13 under reduced pressure is 
illustrated in Pig. 2. 
[004 4 ] 

The step 2 is a step in which after reducing the pressure 
in the step 1, the temperature is raised to the vicinity of 
or higher than the melting point of the thermoplastic resin 
in the reduced-pressure state. When the thermoplastic resin 
is subjected to temperature rising, the elastic, modulus is 
largely lowered in the vicinity of the melting point, whereby 
the i: her mop la stic resin changes to a highly viscous liquid. 
The step 2 is a step in which the thermoplastic resin is kept 
under a reduced pressure until the temperature reaches such 
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a temperature range. In the state that the elastic modulus 
is still high, when t h e degree o £ v a c u u ni i s r e d u c e d t o r a i s e 
the pressure, air flows into the laminate 13/ whereby air bubbles 
may possibly remain in the sealing resin. Here, a lower limit 
value of the temperature as reached in the temperature-rising 
operation of the step 2 is suitably [(melting point) ■• 20)°C 
or higher, more suitably [(melting point) - 1 5 ] °C or higher, 
and further suitably [(melting point) - 1.0]°C or higher. 
[0045] 

Also, an upper limit value of the temperature as reached 
in the temperature-rising operation of the step 2 is usually 
a temperature lower than the temperature range where the 
cross! inking reaction proceeds, suitably [(melting point) 
50] °C or lower, more suitably [ (melting point) + 30] °C or lower, 
and further suitably [ (melting point.) + 20] °C or lower. In the 
case where the temperature as reached is too high, the resin 
is liable to flow too much, whereby the solar battery cells 
may possibly move due to this matter. In particular, when the 
laminating device is of a single vacuum, system, a load due to 
the atmospheric pressure is applied in the vertical direction 
of the laminate 13 at the time of reducing the pressure, and 
the flow becomes remarkable, whereby the resin is likely flowed 
out from the edge of the laminate 13. 
f 004 6] 

It is preferable that a rate of raising the temperature 

33 



t9D/QSD IB 



MOigo ;U31B<I tiprioias Q0DD9D898D XVi 21^22 N0K tl/2l 600 2 



in the step 2 is slow. The time required for raising the 
temperature from room temperature to the foregoing temperature 
is preferably 30 minutes or longer, more preferably one hour 
or longer, and further preferably two hours or longer . By slowly 
raising the temperature, it is possible to efficiently prevent, 
cell c r a c!<$ f r om occurr i n g without c a u s i n g r a p 1 d a pp 1 i c a t i. o n 
of a load. At this time, the temperature-rising rate may be 
changed in the way, or a balancing operation in which the 
temperature rising is stopped, thereby canceling a temperature 
distribution in the laminate 13 may be carried out. Fig. 3 
is a cross-sectional schematic view of the laminate 13 in the 
way of temperature rising by heating in the step 2. 
[0047] 

The step 3 is a step in which following the foregoing 
step 2, the pressure in the foregoing sealing treatment vessel 
is raised. After raising the temperature to the vicinity of 
or higher than the melting point to melt or soften the resin, 
the degree of vacuum is reduced to raise the pressure. In this 
way, when the sealing resin is in the molten or softened state, 
it is possible to prevent a phenomenon m which an excessive 
pressure is applied in the vertical direction, whereby the resin 
undesirably flows within the laminate or flows out from the 
edge . 
[0048] 

In the step 3, it is preferable that the pressure is slowly 
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raised. The time required for raising the pressure is 
preferably 5 minutes or longer, more preferably 10 minutes or 
longer, and further preferably 2 0 minutes or longer. From the 
viewpoint of productivity, the time is usual. Ly 5 hours or shorter 
The pressure after the pressure rising is suitably 0.07 MPa 
or more, more suitably 0.08 MPa or more and even more suitably 
0.09 MPa or more. The pressure can be also raised to the same 
pressure (0-1 MPa) as the atmospheric pressure. At this time, 
the pressure rising may be carried out stepwise. In the step 
3, the temperature during raising the pressure is a temperature 
lower than the temperature range where a cros si inking reaction 
proceeds, which is the temperature employed in the step 4. 
Accordingly, the temperature is usually 120°C or lower, and 
suitably 100°C or lower. 
[ 0049] 

Also, in the step 3, it is preferred to include a stage 
of raising the temperature at the same time of raising the 
pressure in t he foregoing sealing treatment vessel. In this 
way, it is possible to release the pressure applying to the 
laminate 13 step by step during the stage where the fluidity 
gradually increases, and therefore, it is effective to inhibit 
a phenomenon that the molten resin undesirably flows while 
controlling the generation of residual air bubbles. In this 
ease, it is desired to set the temperature at the time of starting 
the pressure rising at from [ (melting point) - 1 0]°C to [ (melting 
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point) + 20]°C, and more suitably from [(melting point) - 5 ] °C 
t o I ( me 1 r. i n g p o i n t ) ^ 1 5 ] °C a n d to r a i s e t h e p r e s s u r e d u ring 
raising the temperature therefrom by from 3 to 30°C, and more 
suitably from 5 to 20°C. A ratio of the pressure-rising rate 
(MPa/min) to the temperature-rising rate (°C/min) is preferably 
from 0.001 to 0.1 (MPa/°C) , and more preferably from 0.002 Lo 
0.05 (MPa/°C) . 
[ 00 50] 

Also, it is preferable that after raising the pressure 
in the sealing treatment vessel in the step 3, cooling is once 
performed, and the temperature is then raised to the temperature 
range where a crosslinking reaction proceeds in the step 4 . 
Though after raising the pressure, the temperature can be 
directly raised to the temperature range where a cross! .in king 
reaction proceeds, a time for relaxing a residual stress can 
be secured by once performing cooling, whereby it becomes 
possible to more effectively inhibit flowing out of the molten 
resin, sinks (portions where the resin is defective in the edge) 
and movement of cell. At this time, it is preferred to perform 
cooling to an extent that the resin thoroughly loses the fluidity 
The cooling is suitably performed to [(melting point) - 10)°C 
or lower, and more suitably [(melting point) - 2 0 } °C or lower, 
f 0051] 

After raising the pressure in the sealing treatment vessel 
as mentioned above, the temperature is raised to the temperature 
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range where a cross! in king reaction proceeds in the step 4, 
thereby proceeding with the cross.!.: nking reaction. The 
cross I inking reaction is made to proceed by heating usually 
at 100°C or higher, suitably 120°C or higher, more suitably 130°C 
or higher, and further suitably 1.40°C or higher. In order to 
prevent the deterioration of the resin, a crosslink:, ng 
temperature of 200°C or lower is usually employed. A time for 
keeping the temperature range at which the cross! inking reaction 
proceeds varies depending upon the target degree of cross I in king, 
etc. and is usually from 5 minutes to 2 hours, and suitably 
from 10 minutes to one hour. 
[ 0052] 

When the cross 1 in king reaction proceeds in the step 4, 
the pressure in the sealing treatment vessel is suitably 0.07 
MPa or more, more suitably 0 . 08 MPa or more and even more suitably 
0.09 MPa or more. By raising the pressure to the same pressure 
as the atmospheric pressure (0.1 MPa) or to the pressure near 
it in the sealing treatment vessel, it is possible to reduce 
the pressure to be applied in the vertical direction . Since 
the crosslinking reaction proceeds at high temperatures, the 
melt viscosity of the sealing resin at that time is considerably 
low as compared with the vicinity of the me], ting point. For 
that reason, it is important to inhibit movement of the cell 
and the flowing out of the resin without applying a undesirable 
pressure in the vertical direction at this time. It is 

37 



t90/6B0 13 



M0T90 



juaiuj iTlonoias 5 0009 08 9 8 0 XVJ ZV-ZZ M0H Vl/Zl 6 0 0 Z 



preferable that the pressure is raised to the same pressure 
as the atmospheric pressure. However, in the case where the 
pressure is raised to the same pressure as the atmospheric 
pressure in this way, sinks are possibly generated depending 
upon the construction of the laminate. Therefore, it is suitable 
that, the pressure is set slightly .lower than the atmospheric 
pressure at such time. Also, in the case where the pressure 
is raised to the same pressure as the atmospheric pressure, 
it becomes diff.icu.lt for the bleeder to compress the surrounding 
of the laminate, whereby the resin may possibly be flowed out. 
At such time, it is also suitable to set the pressure lower 
than the atmospheric pressure. In that case, it is preferable 
that the pressure is at least 0.001 KPa lower than the atmospheric 
pressure. Incidentally, the atmospheric pressure as referred 
to in the invention refers to the state that a pressurizing 
or pressure reduction operation is not positively applied. For 
example, even in the case where hot air is forcedly blown into 
an air heating furnace by a fan, whereby the pressure becomes 
slightly higher than the atmospheric pressure, the pressure 
is substantially identical with the atmospheric pressure. 
[0053] 

After proceeding with the crosslm king reaction in the 
step 4, the process goes to the cooling step of the step 13. 
Usually, cooling is performed to the vioini t y of room temperature 
When the cooling rate is too fast, the glass may possibly be 
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broken, and therefore, the cooling is suitably performed in 
10 minutes or longer, more suitably 30 minutes or longer and 
most suitably one hour or longer, thereby obtaining the solar 
battery module of the invention. Fig. 4 is a cross-sectional 
schematic view of the laminate 13 after cooling in the case 
of using the sealing resin sheet pieces II in the step 5. 
[0054 ] 

The thus obtained solar battery module is regularly 
arranged without causing breakage of the plural solar battery- 
cells. Since the solar battery module is regularly arranged 
and its appearance is beautiful, it is suitably used in outer 
wails, roofs, windows, etc. of various buildings. Since a 
suitable space is provided between the solar battery cells, 
the thus obtained solar battery module is especially suitably 
used as a day], Ighting type solar battery module . 

[0055] 

[ Examples j 

The invention will be described below in more detail with 
reference to the Examples. It should not be construed that 
the invention is limited by these Examples. 
(005 6 3 

Forty of square polycrystailine silicon solar battery 
ceils of 125 mm x 125 mm x 0. 35 mm were used as the solar battery 
cell 4. Four corners are chamfered by approximately several 
millimeters- A solder dip copper ribbon wire manufactured by 
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Marusho K.K. was used as the conductor B . The ribbon wire has 
a width of 1,5 mm and a thickness of 0 . 25 mm. Solder is previously 
printed in a portion where the conductor 8 is bonded in Ugh:: 
reception surface 6 and the back lace 7 of the solar battery 
ceil 4. One end of the conductor 8 was superimposed on a solder 
printing portion of. the light reception surface 6 of the solar 
battery cell 4 and soldered, and the other end was superimposed 
on a solder printing portion of the back face "7 of the adjacent 
solar battery cell A and soldered. The cells adjacent, to each 
other were connected to each other by two conductors 8, and 
a distance thereof was set at 50 mm. That is, the width of 
the space 9 is 50 mm. 
[0057] 

As the back face panel 3, a float plate tempered glass 
(blue sheet glass) of 1,000 mm x 1,500 mm x 10 mm was used. 
As the sealing resin sheet, NS SOLAR EVA 5C36" having a thickness 
of 0.6 mm, which is manufactured by Mi-Sheet Industri.es, Ltd. , 
was used. The sealing resin sheet is made of a blend of an 
ethylene-vinyi acetate copolymer (EVA) with a crosslinking 
agent, a silane coupling agent, a stabilizer, and the like, 
and the resin before crosslinking has a melting point, as 
measured by the DSC: method, of 71°C. A shallow embossed pattern 
(satin finished pat tern) is formed on one surface of the sealing 
resin sheet, and its depth is about 4 5 (.mi. The sealing resin 
sheet was cut into a size of .1,000 mm x 1,500 mm, two sheets 
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of which were then superimposed on the back face panel 3. This 
two-sheet superimposed sealing resin sheet constructs the 
second scaling resin sheet 10 having a thickness of 1.2 mm. 
[00 58] 

Plural solar battery cells 4 mutually connected to each 
other in the foregoing manner were placed on the second sealing 
resin sheet: 10 and put in order lengthwise and breadthwj.se, 
thereby conducting the arrangement as illustrated in Fig. b. 
The width of the space 9 between the solar battery cells 4 adjacent 
to each other was set at 50 mm in both the length and breadth 
directions. Also, a distance from the end of the solar battery 
cell 4 to the edge of the back face panel 3 was set at 7 5 mm 
in the longitudinal direction (the direction in which the eight 
cells stand) and 87.5 mm in the width direction (the direction 
in which the five cells stand), respectively. 
[0059 j 

Subsequently, the sealing resin sheet piece il was 
arranged in a surrounding margin and in the space 9 between 
the solar battery ceils 4. here, two arrangement methods were 
studied in the present Example. All of these methods arc a 
method in which the lower sealing resin sheet piece 18 is laid, 
and the upper sealing resin sheet piece 19 is then laid. The 
sheet piece arranging pattern A is a method in which the upper 
sealing resin sheet pieces .19 in the fragment form are arranged 
on the lower sealing resin sheet piece 18; and the sheet piece 
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arranging pattern B is a method in which the lower sealing resin 
sheet piece IB and the upper .sealing resin sheet piece 19 are 
arranged intersected . 
[0060] 

First of all, the sheet piece arranging pattern A will 
be described. As illustrated in Fig. 6, the lower sealing resin 
sheet piece 18 was arranged in a surrounding margin and in the 
space 9 between the solar battery cells 4. The width of the 
lower sealing resin sheet piece 18 was 25 nam between the solar 
battery cells 4 and 60 mm in the surrounding margin in both 
the longitudinal direction and the cross direction, 
respectively- At this time, the lower sealing resin sheet was 
arranged so as to press the conductor 8 in the position in the 
vicinity of the center between the solar battery cells 4 adjacent 
to each other. By arranging the lower sealing resin sheet in 
the position in the vicinity of the center in this way, it is 
p o s s i b 1 e t o rn i n i m i z e t h e t r a n si'er of the r e s i n w h e n m e 1 1 e d a n d 
to prevent the breakage oL the solar battery ceil 4 or the 
conductor 8. Moreover, it is possible to prevent Lhe movement 
of the solar battery cell 4 until melting. Here, though the 
sheet piece in the belt-like form was arranged, a punched sheet 
piece may be used, too. 
[0061] 

In addition, as illustrated in Fig. 7, the upper sealing 
resin sheet piece 19 was arranged such that it was superimposed 
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on the lower sealing resin sheet, piece .18. The upper sealing 
r e s i n s h e e t p i e c: e 19 t o b e a r r a n g e d betwee n I h e so 1 a r b a t. I e r y 
cells '3 adjacent to each other has a size of 25 nun x 12b mm. 
The upper sealing resin sheet piece 19 to be arranged in the 
portion of sides of the surrounding margin has a size of 60 
mm x 125 mm, and the upper sealing resin sheet piece 19 was 
also arranged in the corners. 
[0062] 

By separately arranging the upper sealing resin sheet 
pieces 19, it is possible to secure a passage in discharging 
the internal air and to prevent remaining of air bubbles from 
occurring. The thickness of the whole of the sealing resin 
sheet pieces was 1.2 mm. At this time, it is also possible 
to separately arrange the lower sealing resin sheet, pieces 18. 
[0 063] 

Next , the sheet piece arranging pattern B wi.l 1 be described . 
As illustrated in Fig. 8, the lower sealing resin sheet piece 
18 was arranged in the space 9 between the solar battery cells 
4 along with the surrounding margin. The width of the lower- 
sealing resin sheet piece 18 was at 4 0 mm between the solar 
battery cells A and 60 mm in the surrounding margin in both 
the longitudinal direction and the cross direction, 
respectively. At this time, the lower sealing resin sheet piece 
was arranged so as to press the conductor 8 in the position 
in the vicinity of the center between the solar battery cells 
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4 adjacent to each other. By arranging the conductor 8 An the 
position in the vicinity of the center in this way, it is possible 
to minimize the transfer of the resin when melted and to prevent 
the breakage of the solar battery ceil 4 or the conductor 8. 
Moreover, It is possible to prevent the movement of the solar 
battery cell 4 until melting. Here, though the sheet piece 
in the belt -like form, was arranged, a punched sheet piece may 
be used, too. 
[0064] 

In addition, as illustrated in Fig. 9, the upper sealing 
resin sheet pieces 19 were arranged such that they were 
intersected on the lower sealing resin sheet piece 18. The 
width of the lower sealing resin sheet pieces 19 to be arranged 
in the space between the solar battery ceils 4 is 40 mm. The 
upper sealing resin sheet pieces 19 to be arranged in the portion 
of sides of the surrounding margin have a size of 60 mm x 125 
mm, and the upper seal ing resin sheet pieces 1. 9 were also arranged 
In the corners. The total thickness of the sealing resin sheet 
pieces in the intersecting portion is 1.2 mm, and a load to 
be applied in the vertical direction can be supported by this 
portion. .Since the upper sealing resin sheet pieces 19 are 
separately arranged in the surrounding margin, and a space is 
present in other portions than the intersecting portions, it 
is possible to secure a passage in discharging the internal 
air and to prevent remaining of air bubbles from occurring. 
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[0065] 

In the case of the sheet piece arranging pattern 3 , since 
the transfer amount of the molten resin is .liable to become 
large as compared with the sheet piece arranging pattern A, 
its performance is slightly inferior from the viewpoint of 
preventing the movement of the solar battery cell or the 
remaining of air bubbles. Accordingly, in the case where -he 
sealing operation is difficult, such as the case where the area 
of the module is large, the case where the thickness of the 
substrate is large, the case where the warp of the substrate 
is large, and the case where the space between the mutual solar 
battery ceils is large, it is preferred to employ the sheet 
piece arranging pattern A. On the other hand, the sheet piece 
arranging pattern B is preferable from the standpoint of 
productivity because the arranging works of sheet pieces are 
easy. Accordingly, the selection of these arranging patterns 
will be suitably made depending upon the purpose. 
[0066] 

After arranging the sealing resin sheet piece 11 in this 
way, two sheets of sealing resin sheets having been cut into 
a size oi 1,000 mrn x 1,500 mm were superimposed thereon. This 
two-sheet superimposed sealing resin sheet constructs the 
second sealing resin sheet 12 having a thickness of 1.2 mm. 
A float plate tempered glass (white sheet glass) of 1,000 mm 
x 1,: : ;00 mm x 10 mm was placed as the transparent panel 2 of 
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the light reception surface side thereon. 
[00 67] 

The entire periphery of the edge of the thus obtained 
laminate 13 was covered by the bleeder 20, which was then put 
into the rubber-made bag 14 as a sealing treatment vessel, 
followed by sealing the bag 14. The reason why the edge of 
the Laminate 13 is covered by the bleeder 20 resides in the 
purposes of preventing the moll en resin in the laminate 13 from 
flowing out and securing a discharge route of air from the inside 
of the laminate 13. 
[0068] 

Plural sets of the foregoing rubber-made bag 14 are laid 
on the shelves 22 to be provided in the air heating furnace 
21. Each of the rubber-made bags 14 is connected to the pipe 
15 through which air can be discharged, which i.s connected to 
the vacuum pump 17 via the pressure regulating valve 16, The 
outline view of the sealing treatment device is illustrated 
in Fig. 10, 
[0069] 

After setting in this way, the sealing treatment operation 
of the following steps 1 to 5 was carried out. At this time/ 
the temperature and the pressure were controlled as shown in 
Table 1 and Fig. 11. At this time, the temperature is a 
temperature in the air heating furnace 21, and. the pressure 
is a pressure set by the pressure regulating valve 16. 
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[ 007 0 J 

Step 1: "Step of reducing the pressure in the sealing treatment 
vessel at a temperature at which the thermoplastic resin is 
not melted" 

The-: temperature rising was started from room temperature 
(27°C) , and at the same time, the pressure reduction was started. 
About one minute later, the pressure dropped to 0.005 ML 5 a or 
1 ower . 
[0071] 

Step 2: "Step of raising the temperature to the vicinity of 
or higher than the melting point of the thermoplastic resin 
in the reduced pressure state" 

Heating was continued such that the temperature reached 
40°C in 30 minutes after starting the temperature rising; the 
temperature was kept at 40 C C for 10 minutes (balancing) ; the 
temperature was raised to 50°C in 75 minutes; the temperature 
was kept at 50°C for 10 minutes; the temperature was raised 
to 60°C .in .105 minutes; the temperature was kept at 60°C for 
10 minutes; the temperature was raised to 7 1 °C {the melting 
point of EVA contained in the sealing resin sheet) in 120 minutes; 
and the temperature was kept for 10 minutes. 
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f 0072] 

Step 3: "Step of raising the pressure in the sealing treatment 
vessel" 

The temperature was raised from 71°C to 90°C in 90 minutes, 
and at the same time, the pressure was raised from 0.0013 Ml? a 
or lower to 0.09 MPa in 90 minutes. At. this time, a ratio of 
the pressure-rising rate (MPa /mi n) to the temperature-rising 
rate (°C/min) was 0.0047 (MPa/°C) . Thereafter, the system was 
kept at 90°C for 30 minutes, cooled to 40°C in 60 minutes, and 
then kept at. 40°C for 30 minutes. Meanwhile, the pressure was 
kept at 0.09 MPa. Subsequently, a pressure was raised to 0.1 
MPa (atmospheric pressure) in about one minute, and the pressure 
reduction operation was completely stopped. 
[0073] 

Step -1 : "Step of raising the temperature to the temperature range 
where a cross linking reaction proceeds, thereby proceeding with 
the crosslinking react ion" 

Subsequently, the temperature was raised from 4 0°C to 150°C 
in 90 minutes and kept at 150°C for 40 minutes, thereby proceeding 
with the crosslinking reaction. 
[0074] 

Step 5: "Step of performing cooling" 

Subsequently, cooling was performed from 1^0°C to 4 0°C 
in 60 minutes . After keeping at 4 0°C for 10 minutes, the resulting 
sample was taken out from the air heating furnace 21. 
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[007 5] 
[Table 1] 





TrMtmpnttimP 
i reaiment Time 

(min) 


lemperature 

(°C) 


__. . 

Pressure 


Step 1 


(approximately 1) 


97 .> AO 


0 1 - > <0.005 




30 






10 


40 






75 


40 -> 50 




Step 2 


10 


50 


<0.005 


105 


50 -> 60 




10 


60 






120 


60 -> 71 






10 


71 






90 


71 .•■> 90 


<0.005 0.09 




30 


90 




Step 3 


60 


90 -> 40 


0.09 




30 


40 






(approximately 1) 


0.09 > 0.1 


Step 4 


90 


40 ■■•■> 150 


0.1 

(atmospheric 
pressure) 


40 


150 


Step 5 


60 


1 50 -> 40 


10 


40 



[0076] 

In all of the case of employing the sheet piece arranging 
pattern A and the case of employing the sheet piece arranging 
material B, the resulting solar battery modules wore quite free 
from occurrence of cell cracks or defects and breakage of the 
conductor and were not observed with respect to remaining of 
air bubbles and the flowing out of the sealing resin or sinks 
in the surroundings- Also, the space's between the solar battery 
cells adjacent to each other all fell within the range of 50 
+ 3 mm, and the solar battery cells were regularly arranged and 
sealed . 
[ 007 7] 

[ Advantage o u s E f f e c t o J: t h e I n v e n t i o n J 
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According to the invention, it is possible to provide a 
process of producing a solar battery rr.edu. le which, when plural 
solar battery cells are arranged and sealed by a transparent 
resin, can prevent breakage of the solar battery cells from 
occurring. The modules which are produced according to the 
production processes are useful as a day lighting type solar 
battery module. 

[Brief Description of the Drawings 1 

[ Fig. 1 ] Fig . 1 is a cross-sectional schematic view of a solar 
battery module of the invention. 

[Fig. 2] Fig. 2 is a cross-sectional schematic: view of a 
laminate under reduced pressure in the step 1. 
!Fig. 3] Fig. 3 is a cross-sect icnai schematic view of a 

laminate in the way of temperature rising by heating in the step 
2 . 

[Fig. 4 J Fig. 4 is a cross-sectional schematic; vi ew of a 
laminate after cooling in the step 5- 

| Fig. 5] Fig. 5 is a planar schematic view showing that plural 
solar battery eel Is are arranged on a second sealing resin sheet . 

| Fig. 6] Fig. G is a planar schematic view showing that lower 

sealing resin sheet pieces a re arranged in a sheet piece arranging 
pattern A. 

[ Fig. 7 1 Fig. 7 is a planar schematic view showing that upper 
sealing resin sheet pieces are arranged in a sheet pi ece arranging 
pattern A. 
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[Fig. 8] Fig. 8 is a planar schematic view showing that lower 
sea 1 ing resin sheet pieces are arranged in a sheet piece a r ranging 
pattern 8 . 

[Fig. 91 Fig. 9 is a planar schematic view showing that upper 
seal ing renin sheet pieces are arranged in a sheet: pi ece arranging 
pattern B. 

[Fig. 10] Fig. 10 is an outline view of a sealing treatment 
v e s s e ,1. . 

[Fig. 11] Fig. 11 is a diagram showing the temperature and 
the pressure at the time of sealing treatment. 
[ Explanation of References ] 

1 a solar battery module 

2 a transparent panel of the light reception surface side 

3 a back face panel 

4 a solar battery cell 

5 a resin 

6 a light reception surface 

7 a back face 
R a conductor 

9 a space 

10 a second sealing resin sheet 

11 a sealing resin sheet piece 

12 a first sealing resin sheet 

13 a laminate 

14 a bag 
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lb a pipe 

16 a pressure regulating valve 

.17 a vacuum pump 

18 a lower sealing resin sheet piece 

19 an upper sealing resin sheet piece 
2 0 a bleeder 

21 an air heating furnace 

22 a shelf 
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[ De siqnat i o n o f D o c ume n t } 
[Fig. 1] 
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[Fig. 3] 
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[Fig. 
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[Fig. 7] 
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[Fig, 9] 
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[Fig. 10] 
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[Fig. 11] 
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[Designation of Document] Abstract 
[Abstract ] 

[Problem] To provide a process of producing a solar battery 
module in which breakage of the solar battery cells can be 
prevented from occurring when the plural solar battery ceils 
are arranged and sealed by the transparent resin. 

[Means of Resolution] Provided is a process of producing a solar- 
battery module including plural solar battery ceils 4 sealed 
by a resin 5 between a transparent panel 2 of the iight. reception 
surface side and a back face panel 3, which is characterized 
by arranging plural solar battery cells 4 at a prescribed interval 
and mutually connecting them to each other by a conductor re- 
arranging a first sealing resin sheet 12 substantially covering 
the entire surface of the transparent panel 2 of the light 
reception surface side between the transparent panel 2 of the 
light reception surface side and the solar battery cells A; 
arranging a second sealing resin sheet 10 substantia 1 , l.y covering 
the entire surface of the back face panel 3 between the back 
face panel 3 and the solar battery cells 4; arranging sealing 
resin sheet pieces 11 which are thicker than the solar battery 
cells 4 at a space between the solar battery cells 4 so as to 
be sandwiched by the first sealing resin sheet 12 and the second 
sealing resin sheet 10; discharging air between the transparent 
panel 2 of the light reception surface side and the back face 
panel 3; and heating the resin for melting and then cooling down 
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it for sealing. 

[ D r a wing S e 1 & c t e d ] 



Figure 2 
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